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Abstract
Objective: The principal aim of this study was to create a segmentation program, to be used by nonmusculoskeletal or junior fellows, that
defines the bones in the metacarpophalangeal joint in a dynamic 3-dimensional image that will lead to higher inter-reader agreement of bone
erosion scores.
Methods: The second to fifth metacarpal head and phalangeal bases of 15 participants were rated according to the Rheumatoid Arthritis
Magnetic Resonance Imaging Scoring system by one trained and one untrained reader. Two comparisons were made. The first comparison
was between the 2 readers using only the traditional 2-dimensional magnetic resonance image set. The second comparison was between the 2
readers, with the untrained reader using a custom segmentation program with traditional 2-dimensional magnetic resonance image set.
Results: The software marginally increased inter-reader reliability with the exception of the second metacarpal head, for which reliability
was increased substantially. Future work will concentrate on improving image acquisition, better delineate erosions from surrounding bone
oedema, and address methods to directly determine erosion volumes.
Conclusions: Software designed to display dynamic 3-dimensional images enables a relatively untrained user to score the meta-
carpophalangeal joints in the hand for erosions equivalent to that produced by an expert using the manual methods.
Abre´ge´
Objectif: Cette e´tude a pour but de cre´er un programme de formation en radiologie musculo-squelettique pour l ‘interpre´tation de
l’articulation me´tacarpophalangienne a` l’aide d’une image dynamique tri-dimensionnelle afin d’amener une corre´lation optimale de la
gradation des e´rosions osseuse entre les observateurs.
Me´thodologie: La teˆte des deuxie`me a` cinquie`me me´tacarpes et la base des phalanges de 15 participants ont e´te´ classe´es a` l’aide de l’e´chelle
RAMRIS (Rheumatoid Arthritis Magnetic Resonance Imaging Scoring) par un e´valuateur forme´ et un second en formation. Deux com-
paraisons ont e´te´ effectue´es. La premie`re a eu pour objet les conclusions de chacun des deux e´valuateurs effectue´es avec l’aide d’acquisitions
standards en IRM. La seconde a e´galement porte´ sur leurs conclusions alors que l’e´valuateur non forme´ a eu recours au programme avec
reconstruction tri-dimensionnelle et a` l’imagerie avec des acquisitions standards.
Re´sultats: Le logiciel a permis d’ame´liorer le´ge`rement la fide´lite´ intere´valuateur, a` l’exception des conclusions sur la teˆte du deuxie`me
me´tacarpe, ou` la fide´lite´ a e´te´ conside´rablement accrue. Dans le futur, les travaux seront consacre´s a` l’ame´lioration de l’acquisition des
images, au perfectionnement des me´thodes de distinction entre les e´rosions et les œde`mes osseux adjacents et a` la cre´ation de me´thodes
visant a` de´terminer directement le volume des e´rosions.
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Conclusion: Le logiciel, conc¸u pour afficher des images dynamiques en trois dimensions, permet a` un utilisateur peu forme´ d’attribuer une
gradation aux e´rosions des articulations me´tacarpophalangiennes e´quivalante a` celle fournie par un expert employant des me´thodes
manuelles.
 2009 Canadian Association of Radiologists. All rights reserved.
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most frequently affected joints in rheumatoid arthritis (RA).
It follows that these joints are some of the most commonly
monitored for the assessment and progression of RA, and are
included in most radiologic and clinical scoring systems.
A widely recognized magnetic resonance imaging (MRI)
scoring system for RA in the hands and wrists is the Outcome
Measures in Rheumatoid Arthritis Clinical Trials (OMER-
ACT) RA MRI scoring system (RAMRIS). This scoring
system incorporates the assessment of MCP joint erosions.
This score requires a semiquantification of the percentage of
the affected bone that has been eroded as compared with the
assessed bone volume judged on all available images. In
calculating the assessed bone volume using the RAMRIS
scoring system, the user assesses bone involvement from the
articular surface (or its best estimated position if absent) to
a depth of 1 cm, but provides no explicit explanation on how to
calculate the volume [1]. This leads the reader to qualify, rather
than quantify, the percentage of erosion.
A corollary to this scoring system has been created to help
standardize scores based on the appearance of erosions. This
was performed by the creation of an image atlas to act as
a reference in helping radiologists assign a score [1].
Pitfalls in scoring bone erosions have been well docu-
mented [2]. These include slice thickness and volume aver-
aging. In the RAMRIS scoring system, an erosion must be
viewed in 2 separate planes to qualify. If the slice thickness is
such that the erosion cannot be seen in 2 views, underestima-
tions in the number, size, and extent of erosions and thus
percentage of bone eroded will be made. A constant challenge
is the estimation of a volume, which is by definition a 3-
dimensional (3D) value, by assessing serial 2-dimensional
(2D) images even with orthogonal plane images.
Software included with Picture Archiving and Commu-
nication Systems (PACS) workstations allow for limited 3D
reconstructions of the MCP joints. However, these are static
images that the user cannot actively manipulate. Further,
manual segmentation of bone is required, thus significantly
increasing the time spent scoring. Previous attempts at
forming a computerized program that calculates erosion size
have been made. This required manual delineation of the
erosion by the user and did not give a 3D representation for
the user to view the erosion [3]. The principal aim of this
study was to create a segmentation program, to be used by
nonmusculoskeletal or junior fellows, that defines the bones
in the MCP joint in a dynamic 3D image that will lead to
higher inter-reader agreement of bone erosion scores.Patients and Methods
Patients
Fifteen patients were included in the study. All patients
had radiologically, clinically, and serologically confirmed
RA. The severity of the disease ranged from mild to
advanced. All patients had MRI of the MCP joints using a set
of pulse sequences suggested by the RAMRIS system.
An ONI OrthOne 1.0-T peripheral unit (ONI Medical
Systems, Wilmington, MA), was used for all examinations.
Patients were seated in an adjustable chair with their domi-
nant hand in the scanner. Images of the second to fifth MCP
joints were acquired including axial and coronal T1-
weighted fast-spin echo (repetition time, 800 ms; echo time,
20 ms; field of view, 11 cm  11 cm, 512  512 matrix). In-
plane resolution was 0.2  0.2 mm, and slice thickness was 2
mm, forming a 0.2  0.2  2.0 mm voxel size.
Software Overview
We developed custom-made software for the 3D visuali-
zation of bone erosions in MRI using the Visualisation
Toolkit and Insight Segmentation and Registration Toolkit
computer programming libraries [4,5]. We named it Early
Erosions in Rheumatoid Arthritis, or EERA. To clearly
display erosions, EERA performs 2 tasks. First, 3D repre-
sentations or reconstructions need to be created. Second,
segmentation of the images is required to remove the soft
tissues surrounding the bone so that the erosion can be
examined easily and quantified clearly.
The T1-weighted fast spin echo images were chosen for
reconstruction because they provide the easiest 3D visuali-
zation of eroded bones. Fat within bone has a strong signal in
these images, which significantly contrast with the very low
signal associated with erosions.
To easily examine the size and shape of bone erosions in 3D,
it is necessary to remove all soft tissues surrounding the bone in
the visualization. To accomplish this, each of the second to fifth
metacarpal heads and phalangeal bases were segmented from
surrounding tissue by the software using a connected thresh-
olding scheme. Connected thresholding is a region-growing
segmentation technique that differentiates one tissue from
another based on their intensities. When applied to 3D images,
such as those analysed in this study, it is not necessary to
provide a seed point for every slice in the image set. Instead,
Figure 1. Screen shot of the EERA user interface. It is divided into 6 sections known as widgets. Each section is labeled accordingly.
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thereby minimizing the time to process an image set.
The EERA user interface is divided into 6 sections known
as widgets. Each of these widgets is identified in Figure 1.
They include the image information widget, colour and
opacity mapping widget, 3D-rendering widget, segmented
3D-rendering widget, 2D tomographic widget, and toolbar.
All of these widgets are accessible at any time to visualize
and segment out erosions at each MCP location.
Scoring
Two individuals scored the images. Reader 1 (R1) was
a musculoskeletal (MSK) fellowship-trained radiologist.
Reader 2 (R2) was a junior radiology resident who was given
basic training in reading MR images and thus was an ideal
candidate to use EERA for scoring. Both readers had an
understanding of the RAMRIS scoring method. R2 was
trained on 4 patients who were not included in the study.
Two comparisons were made between the 2 readers. The first
comparison was between R1 and R2 using only the traditional
2D MR image set. The second comparison was between R1 and
R2, with R2 using EERAwith the traditional 2D MR image set.
Figure 2 depicts the 8 sites that were included in the scoring.
Statistical Analysis
Weighted kappa statistics and 95% confidence intervals
were calculated to assess inter-reader reliability for both
comparisons for the second to fifth metacarpal heads and the
second to fifth phalangeal bases. For all sites in which either
reader observed no erosions in all subjects negative agree-
ment was calculated. In contrast to kappa statistics, negativeagreement determines how often readers agreed that there
were no erosions. This is necessary because kappa scores
only apply to nonzero scores. SAS/STAT software (version
9.1; SAS Institute, Inc., Cary, NC) running on a laboratory
computer (operating system: XP Professional; Microsoft
Corp., Redmond, WA) was used to calculate the weighted
kappa values and negative agreement scores.
Results
Volume Rendering
To overcome the various visualization artifacts caused by
each rendering technique, several methods were provided to
the reader, including ray-casting, 2D texture mapping, and
3D texture mapping, each of which have been described by
Schroeder et al [4]. As an example of how an erosion can be
missed, Figure 3 depicts an erosion in the second metacarpal
head (Figure 3B). The same erosion is not visible when the
volume is rotated to a different angle (Figure 3A), showing
the necessity of interactively rotating the image to any angle
to visualize an erosion.
Another challenge in 3D visualization of erosions occurs
when an erosion has very little communication with cortical
bone. Erosions nearly or fully surrounded by bone are not
visible when visualizing bone as opaque, as seen in
Figure 3C. To visualize these hidden erosions the outline of
bone is displayed transparently instead (Figure 3D).
Scoring Comparisons
R1 did not find any erosions in 3 of the 8 sites included in
the scoring. By using Figure 2 as a guide, these 3 sites were
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negative agreements of the 3 sites have been reported in
Table 1 instead of as weighted kappa values. This is because
kappa statistics are unable to describe inter-reader reliability
when many or all scores are zero. Negative agreement
statistics provide a valid alternative in these cases. From
Table 1 it is clear that the negative agreement scores tended
to increase when the untrained reader (R2) used EERA to
rule out the presence of erosions.
The weighted kappa values for the other 5 sites are dis-
played in Figure 4. Two points are worth highlighting from
this plot. First, in 4 of the 5 joint locations the untrained
reader using EERA was able to derive RAMRIS scores that
were in good agreement with the expert reader. Second, for
the second metacarpal head the kappa score is increased
substantially when the EERA software was used.
Discussion
As the most common erosive arthritis, RA continues to be
a potentially disabling and disfiguring disease. However,
with the advent of new disease-modifying agents, long-term
prognosis has been improved. These medications are
Figure 2. The 8 sites scored by both readers including the second to fifth
metacarpal heads and phalangeal bases.optimally used before significant bone damage has occurred.
It is vital therefore to be able to follow progression of disease
within individuals.
In the past, assessment of erosions caused by RA was
limited to plain radiography. Assessing for small erosions is
difficult using plain radiography, thereby limiting the sensi-
tivity of the technique to patients with established RA. MR
represents a quantum leap in the ability to assess for bone
erosions. MRI of the MCP joints is better validated than any
other small joint in RA [8]. A strong correlation between MR
findings and microarthroscopy finding of bone damage has
been shown in these joints [9]. Because of this, these joints
are a viable site to noninvasively assess the ongoing bone
damage in RA via MR. MCP joints are preferred over the
smaller interphalangeal joints, which also often are affected
in RA because these often are difficult to image in adequate
quality and resolution. Further, the MCP joints often are
favored over the wrist joint because the anatomy allows for
easier interpretation.
One of the most widely recognized and applied MR scoring
systems for RA in the hands and wrists is RAMRIS. Inter-
reader calculations using RAMRIS were assessed by Lassere
et al [10]. They found a single-measure, fixed-effects intraclass
correlation to be moderate to good, ranging from 0.61 to 0.91.
Inter-reader agreement for scoring at the MCP joints and
erosion volume calculations at these sites among rheumatol-
ogists was assessed by Bird et al [11]. They found that the inter-
reader agreement (intraclass correlation coefficient) was low,
at 0.51 and 0.61 for bone erosion volume and score, respec-
tively, before their training and calibration. Even with the
training the scores were only 0.58 and 0.75, respectively [11].
In comparison, kappa scores comparing R1 and R2 did not
exceed 0.69 with and without the use of the EERA software.
We created a software program that is able to create a 3D
model of rheumatic bone erosions from 2-dimensional MR
images and allow a relatively untrained user to dynamically
manipulate the model to score those erosions. We have
shown successfully that the software is feasible and reliable
because the inter-reader reliability with and without the
software is equivalent. The only substantial difference
between kappa scores was a large increase when using the
software found in the second metacarpal head. This may be
owing to their being a greater number of erosions, and
erosions of larger size, in the second metacarpal head
compared with any other site. Therefore, the software was
not able to improve reliability between the 2 readers for
subtle erosions. Overall, the software succeeds in the 2 major
challenges of this task. First, it successfully segments the
bone, allowing the delineation of bone from adjacent soft
tissues. Second, it successfully creates a volume-rendered 3D
model that could be manipulated easily by using a user
interface to aid in the scoring process.
Because this was the first step in the development of the
EERA software, we focused on processing images from the
MR pulse sequence suggested by the RAMRIS system. This
sequence was the T1-weighted spin echo, which yielded
images with a 2.0-mm slice thickness. Although these images
Figure 3. (A) An erosion in the second metacarpal, which is not visible because of the viewing angle. (B) The same erosion as in panel A, made visible at
a different viewing angle. (C) A hidden erosion surrounded by bone in the third metacarpal. (D) The same erosion as in panel C, made visible by visualizing the
bone outline. Erosions are denoted by white arrows.
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the final reconstruction suffered from partial volume aver-
aging. This averaging or blurring occurs when 2 different
tissues of different signals are averaged into a single pixel,
causing a misleading overall signal caused by the slice thick-
ness being larger than the structures being resolved.
The next step in the development of EERA is to be able to
create the 3D images from the gradient sequence images.
This will allow us to use slice thicknesses of much less then
Table 1
Proportion of negative agreement comparing R1 and R2 without and with
EERA for the third to fifth phalangeal bases
Third PB Fourth PB Fifth PB
R1/R2 0.889 0.966 0.966
R1/R2 þ EERA 0.966 1.000 0.889
These scores are included instead of weighted kappa values because R1 did
not find any erosions in any participant in these 3 sites.
PB ¼ phalangeal bases.Figure 4. Weighted kappa values for the second to fifth metacarpal head
(MCH) and second phalangeal base (PB). Comparisons between R1 and R2
using only traditional MRI slices are in grey, and between R1 using the
traditional MRI slices, and R2 using the traditional MRI slices in conjunc-
tion with the EERA software.
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effect. As well, we plan to improve the segmentation of
images by exploring multispectral imaging techniques to
better delineate erosions from surrounding bone oedema.
Specifically, further refinements of the software will address
methods to directly determine erosion volumes.
In conclusion, we successfully created a software program
that creates dynamic 3D images of bone erosions from 2D
MR images to allow a relatively untrained user to score the
MCP joints in the hand for erosions. This scoring with EERA
is equivalent to that produced by an expert using the manual
methods.
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